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1. Introduction 
Several authors reported an association of the 
GAPD to the cell membrane of red cells [l--5]. The 
varying extent of this association suggested to us a 
dependence on conditions of hemolysis and recorded 
the question of its artefactional nature. Therefore we 
investigated the membrane association and dissociation 
of the GAPD by means of immunochemical and other 
techniques under various conditions of hemolysis. 
2. Materials and methods 
Ghosts from human erythrocytes were prepared by 
hypotonic hemolysis according to Dodge et al. [6] 
and from sonicated red cells under isotonic conditions 
(10 W/cm2, 1 min in 130 mM KCl, 20 mM NaCl, 
2 mM EDTA and 2 mM mercaptoethanol, pH 7.2). In 
addition sonication was used in combination with hype 
tonic hemolysis in presence of 2 mM EDTA and 2 mM 
mercaptoethanol. 
Sonicated ghosts were centrifuged in a Spinco mod- 
el L 2-65 B at 40 000 rpm for 30 min and 4°C. The 
ghosts were washed five times with hemolysis medium 
and homogenized repeatedly in a Potter-homogenizer. 
The ghosts were solubilized by a modified method of 
Miller [7] (1% Triton X-100,3?C, 1 hr, 10 mM phos- 
phate buffer, pH 7.4). 
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2.1. Preparation of antisera 
Rabbits were injected with a solution of the human 
GAPD from erythrocytes [8]: 10 mgJm1 of the NAD- 
complex in 5 mM phosphate, pH 7.0; 0.9% NaCl; 
0.1 mM dithiothreitol and 0.1 mM EDTA mixed with 
an equal volume of Freund’s complete adjuvant 
(Difco, Chicago). 
Each rabbit was injected witwa total of 6 mg. The 
first injection of 2 mg was applied in the popliteal 
lymph nodes. The second injection, 16 days later, 
subcutaneously with complete adjuvant and a third 
injection without adjuvant 90 days later. 
Antisera to Triton X-100~solubilized ghosts were 
prepared in a similar manner. Ten mg total membrane 
protein per rabbit was injected with complete Freund’s 
adjuvant in the popliteal lymph nodes. A second 10 mg 
portion without adjuvant was given intramuscularly 
14 days later. The antisera were collected 10 days af- 
ter the second or third injection respectively. 
Immunodiffusion was carried out in 1% agarose 
according to Ouchterlony [9]. Immunoelectrophoresis 
was performed according to Scheidegger [lo]. Hemo- 
globin was estimated by its absorbance at 415 nm. 
LDH activity was measured according to Phillips [ 111. 
The standard assay for GAPD-activity measurements 
was as follows: 50 mM imidazole; 150 mM KCl; 1.3 mM 
NAD; 25 mM phosphate; 2 mM mercaptoethanol; 2 mM 
EDTA and 20 ~1 hemolysate at pH 7.2. The reaction 
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was started by addition of glyceraldehyde-3-phosphate 
in the range of 0.1-2 mM. The increase in absorbance 
at 334 nm was recorded with an Eppendorf-photo- 
meter equipped with a Phillips-recording apparatus. 
The initial velocities of NAD reduction were extra- 
polated. 
3. Results 
3.1. Reaction of antisentm to human erythrocyte 
GAPD 
In the Ouchterlony-test (fig. 1) the antiserum pre- 
cipitated the purified GAPD and formed well visible 
lines with various hemolysates. The complete fusion 
of the precipitates indicates the monospecificity of 
the antiserum. The precipitates of isotonic hemolysates 
were always distinctly visible. 
As shown in table 1 the GAPD activity in the super- 
natant of isotonic hemolysates was significantly higher 
than under hypotonic conditions. These results dem- 
onstrated the well-known effect of ionic strength on 
the GAPD-retention by human ghosts [5]. 
Table 1 
Total activity of the GAPD in various hemolysates at pH 7.2 
in presence of 2 mM EDTA and 2 mM mercaptoethanol. 
With stroma Stroma free 
- 
Osmotic Isotonic Osmotic Isotonic % 
(freezing- (freezing- GAPD-retention 
thawing) thawing) 
3110 3060 1720 3030 45 
1760 2880 38 
Isotonic conditions: 130 mM KCl; 20 mM NaCl, pH 7.2; 
V max was calculated from double reciprocal plots by 
glyceraldehyde-3-phosphate variation (see method). 
Fig. 2 shows a comparison of the double immono- 
diffusion from ghosts of the hypotonic hemolysates 
with those obtained under approximately intracellular 
conditions (ionic strength and pH). The solubilized 
ghosts were tested against monospecific antiserum to 
human erythrocyte GAPD. The ghosts obtained by 
hypotonicity combined with sonication and solubil- 
ized, were precipitated in the same way as the puri- 
fied erythrocyte GAPD. In contrast the solubilized 
ghosts obtained by isotonic sonication were not pre- 
cipitated. 
Fig. 1. Double immonodiffusion in 1% agarose: 50 mM 
glycine-NaOH, pH 9.1; 2 mM EDTA; 2 mM mercaptoethanol. 
The central trough is ftied with antiserum to human erythro- 
cyte GAPD: A, C and E - purified human erythrocyte GAPD; 
B - hypotonic hemolysate; D - hypotonic sonicated hemo- 
lysate; F - isotonic sonicated hemolysate. 
Fig. 2. Double immunodiffisuion, conditions as fig. 1: A and 
E - hypotonic sonicated ghosts (pH 7.2), Triton X-100 solu- 
bilked; B and D - isotonic sonicated ghosts, Triton X-100 
solubilized; C and F - purified human erythrocyte GAPD. 
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3.2. Fractionation of ghosts 
Ghosts obtained by hypotonic hemolysis and pre- 
pared under hypotonic conditions were solubilized 
with Triton X-100 [7]. They were eluted either with 
hypotonic or isotonic buffer on a Sephadex G-200 
column (fig. 3). The eluate was divided into six frac- 
tions, Under hypotonic conditions of elution the 
GAPD was demonstrated to be associated with molec- 
ular fractions higher than 250 000 daltons by the anti- 
serum to erythrocyte GAPD (fig. 4A fractions 1 and 2). 
elution volume [ml] 
Fig. 3. Gel-futration on Sephadex G-200 (2.5 X 90 cm column) 
of Triton X-l 00 solubilized ghosts. Hemolysis and preparation 
under hypotonic conditions. Elution into 6 fractions either un- 
der hypotouic or isotonic conditions in each case SO-60 mg 
ghost protein in 5 ml 10 mM phosphate, pH 7.4 and 1% Triton 
X-100 were put on the column. Hypotonic elution buffer: 
2.5 mM phosphate, pH 7.4; 0.2% Triton X-100. Isotonic elu- 
tion buffer: 125 mM phosphate, pH 1.4; 0.2% Triton X-100. 
Under isotonic conditions the GAPD was found in 
fractions 4 and 5 (fig. 4B). This was to be expected 
according to nearly identical molecular weights of 
145 000 daltons for both enzymes. 
Fig. 4. Demonstration of the GAPD in the 6 fractions of 
Sephadex G-200 gel futration (fig. 3) by double immonodif- 
fusion against antiserum to human erythrocyte GAPD: A - 
precipitates in fractions 1 and 2 under hypotonic conditions 
of elution; B - precipitates in fractions 4 and 5 under isotonic 
conditions of elution. 
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Fig. 5. Heterogeneity of 6 fractions of Sephadex G-200 gel- 
filtered solubilized ghosts under hypotonic and isotonic con- 
ditions (fig. 3). Double immunodiffusion of the fractions 
against antiserum to whole ghosts (central well). 
3.3. Reaction of antisentm to ghosts 
The fractions of the Sephadex G-200 gel-filtration 
were tested for heterogeneity by means of antiserum 
to solubilized human erythrocyte ghosts. 
0 
From the Ouchterlony-test (fig. 5) it would appear 
that fractions 1 and 2 are identical. The purified ery- 
throcyte GAPD was not precipitated by antiserum to 
solubilized ghosts while the admixture of antiserum 
to erythrocyte GAPD produced an arc specific for the 
enzyme (fig. 6). 
4. Discussion 
Our results demonstrate that under approximate 
intracellular conditions (ionic strength, pH) the asso- 
ciation of GAPD with erythrocyte membrane was not 
detectable. The large amount of GAPD associated 
with the membrane under hypotonic conditions can 
be dissociated by isotonic salt concentrations at pH 7.2. 
It appears to be an artefact caused by the osmotic 
hemolysis. This was shown by immunochemical test- 
ing of solubilized ghosts and ghost fractions with 
monospecific antiserum to GAPD. 
The nonionic detergent Triton X-100 does not in- 
fluence the weak interactions between protein and 
the membrane [ 121. The advantage of the immuno- 
chemical methods for detection of GAPD lies in the 
apparent lack of interference by the detergent which 
is reported to affect the enzyme activity [3,4]. The 
lack of GAPD association with the membrane under 
0 
ghost-solubilisd 
b , anti-ghost-solubilisok 
GAPD 0 
ghost-solubilisate 
L-1 anti-ghost-solubilisatet 
I 
anti - GAPD 
GAPD 0 
ghost-solubilisate 
2 
, , irnti -GAPD 
GAPD 0 
Fig. 6. Immunoelectrophoresis of Triton X-lOO-solubilized whole ghosts and purified human erythrocyte GAPD. Conditions: 
1% agarose; lo-125 mM phosphate, pH 7.4. 
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intracellular conditions is supported by further ob- 
servations that whole isotonic hemolysates exhibited 
a high GAPD-activity in the supernatant (table l)and 
a stronger precipitation line than observed under hypo- 
tonic conditions (fig. 1). 
Shin and Carraway [3] reported 60-80% membrane 
retention of the GAPD under hypotonic hemolysis con- 
ditions whereas we found 38-45%. The differences are 
due to the addition of 2 mM EDTA to our hemolysis 
medium. Reynolds and Trayer [ 151 observed 70-90% 
solubilization of membrane proteins by 5 mM EDTA. 
The possibility that sonication rather than isoton- 
icity was responsible for the lack of membrane associ- 
ation of the GAPD under isotonic conditions is contra- 
dicted by the results of the hemolysis by sonication 
under hypotonic conditions. A large amount of GAPD 
was found to be associated with hypotonic sonicated 
ghost preparation. 
The ghost fractionation on Sephadex G-200 shows 
that under isotonic conditions which seems to repre- 
sent spectrin mainly [3, 141 to which it is associated 
under hypotonic conditions (fig. 4A). 
It was also possible to demonstrate the release of 
the enzyme from hypotonically obtained ghosts in the 
immunoelectrophoresis (fig. 6). The liberated GAPD 
was found as a single line separated from the precipi- 
tated ghost-proteins. From these data we conclude 
that the membrane binding of the GAPD is due to the 
weak ionic interactions under hypotonicity. GAPD- 
binding is based on the cationic charge of the erythro- 
cyte enzyme at pH 7.2 (isoelectric point of the human 
erythrocyte GAPD is 8.2 detected by isoelectric focus- 
ing) [ 131 and the anionic charge of membrane proteins 
indicated by immunoelectrophoresis (fig. 6). 
The amino acid composition of spectrin shows as 
reported by Marchesi et al. [ 141 3 1.4% glutamate and 
aspartate and 12.5% arginine and lysine of total amino 
acids. 
A dependence of protein binding to strome on ionic 
strength (O-75 mosm) and pH (5.4-8.2) was reported 
by Mitchell et al. [5]. These authors concluded that 
the enzymes are not structurally important members 
of the membrane. 
Shin and Carraway [3] showed that ATP and 2,3- 
DPG concentrations promote the release of GAPD 
from the hypotonic isolated membranes. 
The lack of association of GAPD with the mem- 
brane under cellular conditions indicates that the 
kinetic behaviour of the GAPD in the cell corresponds 
to that in vitro. Furthermore any substrate compart- 
mentation of GAP, NAD, NADH and 1,3-DPG can 
be excluded. 
For investigation of protein binding with erythro- 
cyte membranes it is necessary to use approximated 
intracellular conditions and therefore sonication un- 
der these conditions is recommended for hemolysis 
and ghost preparation. 
Under hypotonic conditions of hemolysis and 
ghost preparation the enzyme binding is an artefact. 
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